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EFFECT OF UNEQUILIBRIZED DISSOCIATION ON FLOW
AROUND BLUNT-NOSED BODIES

by
Yu, P, Lun'kin and M. P, Shtengel'

In this study we consider the effect of unequilibrized dissocia-
tion of a diatomic gas on the position of the shock wave and the pro-
file of the gas-dynamic parameters along the zerc line of the flow of
a blunt-nosed body.

1. Basic Equations
Let us consider the flow around an axisymmetrical body with a spherical head
part by a diatomic disassociating gas. Since the time of excitation of the revol-
ving and oscillating degrees of freedom is much less than the time of the dissocia-
ion relaxation, therefore in agreement with the method of quasi-equilibrized zones
[1] it is possible to consider that the inner degrees of freedom in the process of

dissociation find themselves in a state of equilibrium.
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Here Vgr 3nd Vr are components of the speed;
f’, p, T, ( are density, pressure, temperature and degree of dissociaticn;
D is the energy ~f dissociation;
c, /zx)are constants which characterize the respective speed of
dissociatior and the properties of the concrete gas,
The equation of the energy along the line of the flow and the equation of the

state will have the form
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where s is the molecular weight of the diatomic gas;

il and 12 are the molar enthalpies respectively of the monocatomic and diatomic gases;

and ioo is the enthalpy of retardation.

Let us nots that when there occurs dissociation of the moiecules, the oscilla-

tions are already considerably excited and the heat capacity of the molecules prac-

tically does not depend on the temperature, i. e., 12 = Cp2T and iy = CplT.
Let us introduce the new variables
S SN S L
& K, " ; P p PV x ve
, ‘ D (7)
v 4o 7 - D= ——.

Then the system (1) - (5) in the new variables will be written (the line over the

values will be omitted by us)
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Here by the exponent 2 there are designated the values after the shock wave,

Rw(r,, p.) .
v, !
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where :[is the parameter of the inequality with}][l<£§: 1l flow pr~ctically frozen
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and with /1,/ > 1 flow close to equilibrium.

One should note that the equations (8) - (10) remairn unchangeable with the sub-
stitution of x and ax, and the equation (12) does not. This points to the fact that
in the equilitrium case the value for the withdrawal of the shock wave is propor-
ticnal to Ry but the unequilibrized flow does not have this similarity. For the os-
cillation relaxation this was noted in the reference [2].

2, Method of Sclution

we will seek a solution of the system (8) - (12) in the form of serics by degree

B with coefficients depending on x (2], (3].

oo W g ()R 4
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By substituting the expressions (15) in the equations (8) - (12), we shall get
the infinite system of ordinary differential equations for the determination of ujy,

Vi» Py, 37d 80 gp,

In the lowest approximation in accordance with B-we have (the subscript O we

will omit) :
ut v oxvu o« ouv i -“:' =0 (16)

v - T 0; (17)
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with a sufficient degree of precision one can accept that close to the zero line of

fiow the shock wave proves tc be a sphere concentric vith the body {3]. Let us in-

troduce the dimensionless radius of the shock wave R 3
4 R, =1 JF'&()‘\<x< e
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with x —JR.we have in accordance with (1], [3]
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The system (lt) - (20), (13) does not turn out to be closed since it contains
seven unknowns. Numerical computations showed that both for the equilibrized and
for the nonequilibrized flow v(x) on the zero line of the flow changes almost lin-

early (4). Therefore by stating v(x) in the form

DL DU B (R Ak 1 () (= B, (23)

)
<&

we will have a closed syster of equatiors for the determination of v, u, p, /al,c( 3
pl‘

By maliing use of the system (16) - (20), (13) and the boundary conditions (21)

we fina v'( /{) and v‘(‘;Z).
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If in the equation (23) we substitute the relationshivs (2,), (25) and put x =1
(v(l) = 0), then we will get an algebr:ic equation of the fourth desrec relative to

;Z-— 1 é;. lence it is easy to fina the valie for the withdrawal of the shock

wave along the zero line of f{low,
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In continuation let us make use of the fact that the term 5 in the equation

(23) is small in comparison with the remaining terms [5], and it can be disregarded.
Besides this the pressure along the zero line changes insignificantly and it can be

3 Foo

L T in accordance with [6) Then

from the equations (19), (20), (13) we shall find @ = Q' (x), T =T (x) and 2 = /2 (x).

considered as counstant and equal to p =1 -

In particular for d we have the expression
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Afterwards from the equation (17) it is possible to determine the profile of

where

the pressure and find the second approximation for & (x), /(x), T(x)

a.r-ady with the taking into account of the corrected pressure. However, the expres-

sions obtained prove tc be quite cumtrous,
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3. Evaluation of the Results Obtained

A program was compiled for the BESM-2 and computations were made for a wide
range of parameters of the inequality of:ZTand different figures for M. From the re-
sults obtained one can draw the following basic conclusions:

1. The value for Lhe depacture monotonically decreases with the increase in
the M number with a given CR, (C is the constant which characterizes the speed of the
reaction, and R, is the radius of the curvature at the critical point) and increases
with the decrease in CR with a given M,

2. Por the interval under consideration of the M numbers and the parameter of
inequality ]Cthe profiles of speei prove to be practically linear.

3. The profiles of temperature, density and degree of dis:ociation substantial-
ly depend on I. With /Il éé_- 1 the basic change in these values occurs close to
the body, and with })f_ > 1 right behind the shock wave.

As an example in Figures 1, 2 and 3, respectively, profiles of density, temper-
ature and degree of dissociation for M number 20 at CR_ =4 ° 107, /:Z/= 2.1683 - 10-2,
ek, = 4+ 10%, [ )(|= 0.21683, cr, =4 - 10, | X [= 2.1683 are shown.

In conclusion we consiaer it our duty to express our thanks to T. Ya. Timofeyev

for his aid in compiling the program and carrying out the computaticns,
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